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Synthesisand Orientation of Fe-doped Hydroxyapatitein High Magnetic Field
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(1. State Key Laboratory of Advanced Special Steel, Shanghai Key Laboratory of Advanced Ferrometallurgy, School of Mate-
rials Science and Engineering, Shanghai University, Shanghai 200072, China; 2. Shanghai Institute of Ceramics, Chinese
Academy of Sciences, Shanghai 200050, China)
Abstract: The surface nanostructure of bioceramics can affect osteoblast proliferation and differentiation, therefore
the control of the surface microstructure of bioceramics, especialy grain orientation before the ceramic sintering, is
one of key to design and develop bioactive ceramics for bone regeneration. This study aimed to investigate the crystal
orientation of Fe-doped hydroxyapatite in high magnetic field. Pure hydroxyapatite (HA) and Fe-doped hydroxyapa-
tite (Fe-HA) powders were prepared by co-precipitation method and co-precipitation-hydrothermal method, and
their phase composition, microstructure, magnetic property, and elementary composition were analyzed by XRD,
SEM, TEM, PPMS, and ICP. The results showed that the phase of Fe-HA is the same as HA with no impurity phase.
HA is diamagnetic originally, while Fe-HA becomes paramagnetic. The microstructure of samples prepared by
co-precipitation method is needle cluster-like but that prepared by co-precipitation-hydrothermal method is rod-like.
It is the rad-like but not the needle cluster-like Fe-HA can be orientated in high magnetic field. Therefore, the ori-
entation of rod-like Fe-HA can be regulated by high magnetic field. Furthermore, pure HA cannot be uniaxial ori-
entated in single-directed high magnetic field. while Fe-HA can be oriented along ¢ axis in certain degree in single-
directed high magnetic field.
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WS HEA: 2017-03-24; WEIMEKFREH: 2017-06-06

EEWE : B 44854 FE 570 H (81430012) National Natural Science Foundation of China (81430012)
EZ ' T/ (990), B, fi-L#F 74, E-mail: 1990.wangxiaolong@163.com

BIEL: % 1L, #d%. E-mal: jchang@mail.sic.ac.cn



76 51 A < = S

#33%

¥4I W K A1 (Hydroxyapatite, HA)Z A AAH 8% Al
FUH EZTLNLA, BA R AR, £
NIRBAGUEE ) iz M. TR B
N, AROK G R I FR B KA BE 0% AT O A A B R
B, 35, AR AT OF AR IR G AR
W T8 X T 4 AT A DA % B R R B A e
DR, i) & AT il KL 1] 1 B 1) 2 B K A e e
A BT 48R B A 0 T 4 AT AN R A
WRRR PR LB, JF R stk Re B 2 E A EL

W56 AT AE R SR M R I R R, AR BRI R
TE SRS T 1 58 W) 32 BRI 567 . JE AR B
Wl 72 ek 1) 55 BV ot R PR R 5 1) S M, AE RIS %
BIFE 2, SARTERI T R AR, AT d A
) PR ReFE B ), DU BIRREIRAS . SR
IKARBUHETE S, NT7 8% . as b BhifliAk A [H],
5 ¢ MR ERANR, e R e MR T
fFo BT RREEBE R 1 A R, BT I A SR
I ARl BRI B A SR HEAT R I HERY . A S
BRIRIE, 78 /KT e B o ik g vh i S R R R B K
B % 3R A5 FL AT — 5 1) B A0 B W K g O,
(ELXPRRE K 1) 22 B A e, 7 Tl N IR AT AH DGHRGE

X PR BB A AT B T 5 s bk, U R L
KA BAG TR, R 2 MBS T, ety il
LR IR A L R . E N R BB R A I
Tt H ATE S ERON TR R A R R
RE LLA T iR #47, oh FCAE SR 37 1) 5 ) BRI
B M SRR IE M . AT e BRI RS A & Bt
PR HHEAT BB 15 A ik, R Tk B ootk
J& B FR HE A A A B — 7 1) AP iR B 3 HH 1) 5 1) ROCR
LR, JExs g LB AT R A DR .

1 SLIG L

S8 BT A F () DU 7K A BR 5 (Ca(N O3),-4H0), ik
% & — % ((NH4)2,HPOy), — &1L %k (FeCly), /5%t
B = W IR VR AL # (CTAB), + — %% 5= % B 54 (SDS),
% ¢, BE 400(PEG), ZUKM /K LBES—IHE T
RN EFIA R AR, iral.
11 MRMNERSHE
(@)FLYTTE 1 £ B

43 I E 1 254K A7 0.5 mol /L #J Ca(NOs),-4H,0 %
A1 0.3 mol/L HI(NH4)-HPO, %, 7E Ca(NO3),-4H,0
W NN EE R4 BUN 1% 2%, 5% FeCls LA
— &[] CTAB 1E 73 HIGF « K (NH4)HPO, 1 3
A Ca(NOs),-4H,0 VA, Frekhidt, 4 2K
pH, R3S it fE e pH=11.0, S5 24 h, 25

TFIKIEVE 33, To/K LB e 3w, 455 19 21301
TEER A
(o) FL T K FATE 1) %0 A

i IR YT VAR B R R A DL W, B
JE UL RS BIK#GE T, 150°C B 3 h, W
Je, 2B KIS 38, KK ZEEEE 3, T
1 5 19 B LTI K IEM A
(C) WA ALE S b 17 v v S R 7Y

B — 52 BAMA S BN Bwi%f) SDS. PEG Al
CTAB 1E 4 BRI EC il BB, 75 3R 3 i 2% s e
12 FIEF*

K X SHEAT S (Bruker D8 DISCOVER)#
TIE - 0 6 Tl AR A0 K93 10 A 4 ol DA % 3R 1) 3Rl X
) B I 2R A PRI R 4L (PPMS Dynacool ) fiff
FOR R G 7 PR BE, K k- 3R BRI A M ARV T R
EhIR, (i 715-ES HLBRE & 55 B TR T R 5 e
ICHIF AR AR TC R ;@I 3 % S 4 T A
3 (SU8B220) Flli7 & 537 5 L ¥~ Wi 4wl % (JEM-2100F)
MR RO TS -

2 HER5i1TE

21 S

KA LU IE R L PUE K LA L Fe-HA F
RH XRD 45 5% WA 1.

FRYESCHR AT, ALKk Fe & T &0 5N
1mol%, 2mol%, 5mol%#il 10mol % (Ti <256 & I, 4
Fe B TKE N 10mol %, 74 H B B I 4% it
Mo HPEEA K FeHA B ksh B HAR (A 1(a),
YK POES R Fe-HA WK 45 5 1 b8 e (K
1(b)). JEILXSE XRD K15 HA bRt Fr(09-0432)
R, U ES R FeHA 53— K kS
Fe-HA FEShAB LA 46 HA M, %A B H AR 2% 5 A1
R, 1EHL 5 mol%Fe-HA #E47 J5 4 [ S2 5 .

22 FhEMERES AT

XA A HA AT 5mol%Fe-HA R 24 1 fig 347 %
i, HREAL M2 B 2 s . AT LA 1, AR Fe™
(1 HA A i 2 R 208 i B4R, BB HA J5
A EAHRER; EI 5mol%ft Fe* UG, H
HhAG 26 AR ON IE T H L, B HA HEA
(IR B A8 NIRRT, HA WA ERE R AR T IR
B
23 TERARSH

i XRD g5 R nLLE H, BAEHmEA 4 HA
M, JEESCIR R 5mol% Fe B 145 4 B hh by 4 1
JE A ROCR AT IS . {EH 1CP-OES i & AN [F 4tk ik



51

T, BB AR FRIETE I A ) 46 B A SRR 37 R B RE TR T 77

(@ ©o2) ACLD
02 (213)—1mol% Fe-HA
310) (222)
" L W
n [y —2mol% Fe-HA
\ / \ —>5mol% Fe-HA

JCPDS:NO.09-0432

Intensity / (a.u.)

|||||.|l‘||||l| L |.|l|||

L | i ‘H|
30 40 60 70

20 50
20/(°)

® @) 300 (222)
(002)(210)( )(310) (313)

W
i
M\ H —5mol% Fe-HA

JCPDS:09-0432

—1mol% Fe-HA

Intensity / (a.u.)

I | lh‘Hl. |L||.|l.|.|l|| L ullIIl
20 30 40 50 60 70
20/ ()

B 1 A0 1mol%. 2mol%Fil 5mol %k B TR i 1 XRD i

Fig. 1 XRD patterns of the samples doped with 1mol%,

2mol %, 5mol% Fe ion
(a) Co-precipitation; (b) Coprecipitation-hydrothermal
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Fig. 2 B-H curves of sample
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Tablel Elemental composition of four kinds of samples

Sample Fe/Ca CalP (Cat+Fe)/P
S1 0.050 1.561 1.639
Y 0.052 1.580 1.663
S3 0.052 1.583 1.665
4 0.051 1.589 1.669
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Fig. 3 SEM images of Fe-HA and HA

(a) Co-precipitation Fe-HA; (b) Coprecipitation-hydrothermal Fe-HA;
(c) Coprecipitation-hydrothermal HA
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Fig. 4 TEM images of Fe-HA and HA prepared with different
methods

(a) Co-precipitation HA; (b) Co-precipitation Fe-HA; (c) Coprecipita-
tion-hydrothermal HA; (d) Coprecipitation-hydrothermal Fe-HA
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Fig. 5 XRD patterns of the samples with different dispersant
casting in high magnetic field
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Fig. 6 XRD patterns of Fe-HA and HA samples casting in
high magnetic field

(a) Coprecipitation-hydrothermal Fe-HA; (b) Coprecipitation-hydr-
othermal HA; (c) Co-precipitation Fe-HA
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(a) Effect of dispersant on HA orientation; (b) Effect of Fe ions on the
orientation of HA
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